Background: The use of propofol to sedate patients for colonoscopy, generally administered by an anesthesiologist in North America, is increasingly popular. In the United States, regional use of anesthesiologist-assisted endoscopy appears to correlate with local payor policy. This study's objective was to identify nonpayor factors (patient, physician, institution) associated with anesthesiologist assistance at colonoscopy.
SEDATION is typically used for colonoscopy because it may cause moderate discomfort. Until recently, standard practice has to been to use intravenous benzodiazepines and/or narcotics for this purpose. Propofol was licensed for use in Canada in the early 1990s; its use for sedation, including for colonoscopy, has become increasingly popular since its introduction. 1,2 This shift towards propofol may be attributable to its deep sedative effect, rapid onset of action, and short recovery time, resulting in greater patient and endoscopist satisfaction with the procedure while increasing the efficiency of endoscopy units. [3] [4] [5] However, the risk of respiratory depression may be higher with propofol and, unlike benzodiazepines and narcotics, there are no reversal agents. For these reasons, there is agreement among North American gastroenterology associations ‡ ‡ 6 that an individual with formal training in the administration of propofol and Advanced Cardiac Life Support certification should be designated to be dedicated solely to this task. In North America, where endoscopy training programs do not typically provide additional training in the administration of propofol 6 and medicolegal and local practice considerations may limit nonanesthesiologists in this practice, 7 anesthesiologists are primarily responsible for administering this drug. A recent American survey found that anesthesiologists and certified registered nurse anesthetists are involved when propofol is used in approximately 70% and 18% of endoscopies, respectively. 1 When propofol is used in Canada, it is administered exclusively by anesthesiologists because there are no Canadian certified registered nurse anesthetists. 7 In the United States, use of anesthesiologist-assisted endoscopy appears to be principally driven by regional payor policies. 8 American gastroenterology associations agree that routine anesthesiologist assistance with endoscopy is not warranted for average-risk patients ‡ ‡; historically, most insurance carriers concurred, limiting coverage for anesthesiologist-assisted endoscopy to highrisk patients. 8 Recently however, some payors have begun to provide reimbursement for anesthesiologist-assistance when propofol is administered. Not surprisingly, the use of propofol and anesthesiologist-assisted endos-copy is greatest in regions, such as the Mid-Atlantic States, 1 where payor policy is most favorable. 8 Canada has single-payor healthcare systems in each province that allow anesthesiologists to bill for assistance with colonoscopy in an unregulated fashion (i.e., the payor reimburses the practice without limits or restrictions). In Ontario, unlike the United States since the institution of the Resource Based Relative Value Scale, endoscopists are remunerated at the same rate regardless of whether an anesthesiologist assists with sedation. Furthermore, Ontario does not limit the delivery of anesthesia services for endoscopy by setting (i.e., if the procedure is performed in a hospital or in an endoscopy facility outside of hospital).
Evaluation of this practice in the Canadian context provides an opportunity to determine the patient, physician, and institution factors associated with and changes in the patterns of anesthesiologist-assisted colonoscopy independent of the regional payor influences observed in the United States. Therefore, we performed a population-based analysis to describe the pattern of use of anesthesiologist-assisted colonoscopy in Ontario, Canada from 1993 to 2005 and to identify associated patient, physician, and institution factors.
Materials and Methods
The research ethics board at the Sunnybrook Health Sciences Centre in Toronto, Ontario, Canada approved the study.
Data Sources
The study was conducted at the Institute for Clinical Evaluative Sciences, which contains the health records for all 12.4 million residents of Ontario. These records are held in administrative databases that are linked by an encrypted version of each resident's provincial health plan number.
For this study, we used the databases from the following programs: Canadian Institute for Health Information, the Ontario Health Insurance Plan (OHIP), the Registered Persons Database and the Institute for Clinical Evaluative Sciences Physician Database. The Canadian Institute for Health Information databases contain clini-cal, demographic, and administrative data for all hospital discharges (Discharge Abstract Database) and for sameday procedures, including endoscopy, (Same Day Surgery) since April 1, 1988. OHIP holds physician billing claims for services, including procedures and consultation visits, since July 1, 1991. The Registered Persons Database has maintained age, sex, postal code information, and vital statistics for all Ontario residents with a valid OHIP number in Ontario since 1991. The Institute for Clinical Evaluative Sciences Physician Database provides physician specialty.
Defining the Study Cohort
By using the OHIP database, we identified all adults over 19 yr of age in Ontario who had at least one outpatient colonoscopy in either a hospital or in a nonhospital setting between April 1, 1993 and March 31, 2006. We defined colonoscopy as insertion of the colonoscope to or beyond splenic flexure as outlined by the OHIP fee codes in table 1. There is a separate OHIP fee code for flexible sigmodoscopy (Z580); therefore, our definition of colonoscopy should capture all complete and incomplete colonoscopies.
Definition of Anesthesiologist-assisted Colonoscopy
The OHIP fee code suffix was used to distinguish physician claims for administration of anesthesia from those for the procedure itself. The physician performing the procedure (the endoscopist) uses OHIP procedure codes with an "A" suffix. If a second physician administers the anesthesia for the same procedure, either OHIP procedure codes or general anesthesia codes are used with a "C" suffix. The endoscopist is not allowed to bill separately for the administration of anesthesia; therefore, a billing code with a "C" suffix indicates that a second physician assisted with the procedure solely for this purpose, although the nature of the agent administered cannot be determined from the administrative data. The billing codes submitted by the physician administering anesthesia need not exactly match those submitted by the endoscopist. Therefore, we defined anesthesiologist-assisted colonoscopy broadly as any endoscopy-related or general anesthesia code with a "C" suffix billed within 1 day of the date of colonoscopy. See Table 1 
. Ontario Health Insurance Plan Physician Fee Codes Used in the Analysis

Service Rendered
Ontario Health Insurance Plan Fee Code Insertion of colonoscope to descending colon Z555A Insertion of colonoscope to splenic flexure Z555A ϩ E740A Insertion of colonoscope to hepatic flexure Z555A ϩ E740A ϩ E741A Insertion of colonoscope to cecum Z555A ϩ E740A ϩ E741A ϩ E747A Insertion of colonoscope to terminal ileum Z555A ϩ E740A ϩ E741A ϩ E747A ϩ E705A Anesthesia provided for colonoscopy Endoscopy procedure code with a "C" suffix (e.g., Z555C) or anesthesia supportive care code, E003C Procedure performed outside hospital E749 table 1 for the codes described above. We excluded the few patients who had another nonendoscopic procedure that would require the administration of anesthesia during this same narrow window of time.
Factors Examined
Patient Factors. At the date of colonoscopy, we collected data on patient age, sex, comorbidity, and median neighborhood income quintile. We measured comorbidity by using the validated Johns Hopkins case-mix system. § § 9 -12 Ontario inpatient (Discharge Abstract Database) and outpatient (OHIP) diagnosis codes from the year before colonoscopy were used to estimate case-mix by using the Johns Hopkins algorithm. Specifically, we adjusted for comorbidity by using Aggregated Diagnosis Groups, which are clinically meaningful groupings of diagnoses that are similar in terms of disease severity and anticipated duration. Comorbidity was categorized by the number of Aggregated Diagnosis Groups (0, 1-3, 4 -5, 6 -7, and 8 or more). Median annual neighborhood household income at the level of enumeration area, obtained from Statistics Canada, was linked to patient postal code. This strategy has been used by others to impute socioeconomic status. 13, 14 Physician (Endoscopist) Factors. Physician specialty was categorized as gastroenterology, surgery, internal medicine, and other practitioners. The other practitioner category comprised all other specialties, including family physicians and general practitioners. For each year of the study, physicians were assigned to colonoscopy volume quintiles on the basis of the mean annual number of colonoscopies that they performed in the preceding 5 yr.
Institution Factors. We classified colonoscopy setting as hospital or nonhospital. In 2005, 15% of colonoscopies were performed in nonhospital settings. 15 Nonhospital endoscopy settings in Ontario are highly varied, ranging from a single room adjoining a physician's office to larger, ambulatory endoscopy facilities staffed by multiple endoscopists. Unlike American ambulatory endoscopy centers, Ontario nonhospital facilities are not currently regulated and are only minimally reimbursed ($22.35CAN) for overhead costs (salaries, equipment, rent) related to colonoscopy. Hospitals, by contrast, are accredited and receive adequate funding from the government to cover the nonphysician related endoscopy costs.
Outpatient colonoscopy was defined as occurring in a hospital if there was a Same Day Surgery record without an overlapping record in the Discharge Abstract Database, whereas it was defined as occurring in a nonhos-pital setting if OHIP code E749 (for colonoscopies performed outside hospitals) was billed in the absence of a concurrent Discharge Abstract Database or Same Day Surgery record. Nonclassifiable colonoscopies were excluded from the cohort.
Hospitals were categorized as academic or community, and the latter were further categorized by case volume into low, medium, and high volume. The number of acute weighted (by expected hospital resource utilization) cases per hospital in fiscal year 2005͉͉͉͉ was used: low (fewer than 10,000 acute weighted cases), medium (10,000 -25,000), and high (more than 25,000) volume. This measure of hospital volume was not limited to endoscopy and was intended to approximate overall hospital size. We also assigned hospitals to tertiles on the basis of the proportion of colonoscopies in 2005 that were anesthesiologist-assisted: low (less than 20% of colonoscopies were anesthesiologist-assisted), medium (21-80%), and high (more than 80%).
Data Analysis
The number of colonoscopies performed with or without the assistance of an anesthesiologist per fiscal year was determined over the study period. Patient, physician, and institutional characteristics are reported for anesthesiologist-assisted and unassisted colonoscopy. We examined the number and proportion of anesthesiologist-assisted colonoscopies by institution type in fiscal year 2005. Where appropriate, chi-square tests for independence and for trend were used to evaluate differences in proportions of categorical variables between anesthesiologist-assisted and unassisted colonoscopies in a univariate fashion and to test the trend in the proportion of anesthesiologist-assisted colonoscopies from 1993 to 2005.
We modeled the data by using multilevel hierarchical logistic regression incorporating up to three levels (patient, physician, and institution) to account for the clustering of patients within physicians and physicians within institutions. The patient and physician level variables listed in tables 2 and 3 are those that were included in the models; all were analyzed categorically as defined in these tables. We restricted these analyses to patients who had at least one procedure in fiscal year 2005. If an individual had more than one procedure in this time period, only the first colonoscopy was included to ensure that the patient was considered in the statistical analysis only once, thus avoiding further issues with clustering. For model stability, we also excluded colonoscopies performed at academic hospitals as less than 1% of colonoscopies performed in these institutions were anesthesiologist-assisted. As a result of the distribution of various covariates, the three-level model did not converge; however, it was possible to create two 2-level models (patients clustered within physician and patients clustered within institution). Attributes from the excluded level (either institution or physician) were as- § § signed to the patient level for each of these models. From these two 2-level models, we selected the one that provided a larger variance in the distribution of the cluster-specific random effects and a smaller value in the proportion of unexplained variation in the outcome attributable to differences between patients. These two criteria were used to select the model because they are strong indicators of the hierarchical structure of the data. 16 P values less than 0.05 were considered significant. Analyses were conducted by using SAS v.9 (SAS Institute, Cary, NC) and MLwiN (Centre for Multilevel Modeling, Bristol, United Kingdom).
Results
From 1993 to 2005, a total of 1,202,548 patients had 1,838,879 outpatient colonoscopies. Of these, 256,799 (14%) colonoscopies were anesthesiologist-assisted. The total number of outpatient colonoscopies performed rose from 66,177 in 1993 to 264,304 in 2005 (P Ͻ 0.0001), with the proportion of anesthesiologist-assisted colonoscopies accounting for an increasingly larger share, from 8.4% in 1993 to 19.1% in 2005 (P Ͻ 0.0001) ( fig. 1 ). During this time, the proportion of anesthesiologist-assisted colonoscopies was three times larger in hospital settings (15.2%) than in nonhospital settings (4.9%) (P Ͻ 0.0001).
Patient and physician characteristics of the study cohort are summarized in tables 2 and 3, respectively. In 2005, use of anesthesiologist-associated colonoscopy varied widely by institution type and volume; low-volume community hospitals were the greatest users (48% of colonoscopies), and academic hospitals almost never used it (Ͻ 1% of colonoscopies) ( fig. 2 ). Eighty-five Table 3 
. Physician Characteristics by Receipt of Anesthesia for Outpatient Colonoscopy in Ontario Adults, 1993-2005
Anesthesiologist-assisted Colonoscopy Unassisted Colonoscopy Total (n ϭ 256,799) (n ϭ 1,582,080) (n ϭ 1,838,879) P Value* percent of hospitals were in either the highest (Ͼ 80% of colonoscopies done with anesthesia-assistance) or lowest tertile of anesthesiologist use (Ͻ 20% of colonoscopies done without anesthesiologist-assistance). All 14 academic hospitals were in the lowest tertile of anesthesiologist use, and 36% of low-volume community hospitals were in the highest tertile.
Only institution type and physician specialty were significantly associated with receipt of anesthesiologist-assisted colonoscopy in the hierarchical analysis (table 4) . The odds of receiving anesthesiologist-associated colonoscopy were five times higher (odds ratio: 4.9; 95% confidence interval 4.4 -5.5) if the patient had the colonoscopy in a low-volume community hospital compared to a high-volume community hospital. The odds of receiving anesthesiologist-associated colonoscopy were 1.7 times higher (95% confidence interval 1.1-2.6) if the colonoscopy was performed by a surgeon.
Discussion
In this population-based analysis, we found that the proportion of anesthesiologist-assisted colonoscopies in Ontario more than doubled over the study period, from 8% in 1993 to 19% in 2005. These figures are similar to those reported from a survey of American endoscopists in 2004, in which 28% of respondents were regularly assisted by either an anesthesiologist or a certified registered nurse anesthetist, although there appeared to be wide regional variation in reported practice. 1 We found that institution type/volume was most strongly associated with anesthesiologist assistance at colonoscopy. A similar population-based analysis would be less feasible in the United States where there are multiple payors and their policies are an important driver of receipt of anesthesiologist-assisted colonoscopy. 8 Our results suggest that in an unregulated setting, anesthesiologist assistance with colonoscopy is principally driven by institution factors. Not only was institution type the strongest predictor of anesthesiologistassistance but 85% of hospitals clustered at either the upper or lower end of the range of anesthesiologist use. This "all or none" pattern of utilization may reflect institutional policy or "culture" with respect to this practice. For example, in smaller hospitals where often there is no dedicated endoscopy unit, colonoscopy is often performed in the operating room, where access to anesthesiologists is greater and personnel are accustomed to performing procedures with the assistance of an anesthesiologist. Colonoscopy is also more often performed by surgeons in these facilities (data not shown). Furthermore, in smaller hospitals, this practice might also be tied to anesthesiologist retention as the additional income from providing assistance for colonoscopies may be necessary to support a fulltime position. By contrast, in academic hospitals that provide quaternary care, the demands of complex surgical cases may preclude routine anesthesiologist assistance for outpatient colonoscopy.
Regardless of the cause, the finding of such wide variation in practice between hospitals may be of concern. In other contexts, variation in healthcare utilization by region or hospital has been linked to underlying quality issues; for example, others have shown that greater healthcare utilization in the treatment of condi-tions such as hip fracture or myocardial infarction leads to greater cost without improvement in patient satisfaction 17,18 or outcomes. 19 Our findings suggest that neither patient risk nor administration of propofol to improve endoscopy unit efficiency, two reasons often cited in the literature for anesthesiologist involvement, [3] [4] [5] are important determinants of anesthesiologist assistance with colonoscopy. Specifically, we found that patient comorbidity was not associated with this practice, likely indicating that provision of this service is not tied to perceived patient risk. Furthermore, if endoscopy unit efficiency was an important consideration in the uptake of anesthesiologist-assisted colonoscopy, higher rates of anesthesiologist assistance in higher volume rather than in lower volume facilities (as we found) might be expected.
Our study has some potential limitations. As medications cannot be determined from the Ontario administrative data, we cannot be sure that the presence of an anesthesiologist at colonoscopy indicates that propofol was used for the procedure. However, given the paucity of nonanesthesiologists trained in propofol administration in Ontario, our findings likely reflect the increasing use of propofol for colonoscopy sedation. A second issue was the failure of the three-level hierarchical model to converge. It is difficult to be absolutely certain of the reasons for this failure of convergence; however, we found that in 85% of hospitals, the proportion of colonoscopies assisted by an anesthesiologist was either very low or very high. This means that in these centers, there was little between physician variability in the use of anesthesia. We hypothesize that the similarity of physician behavior within the majority of centers likely led to difficulties in estimating the three-level multilevel model, as the physician effect could not be separated from the hospital effect in most instances.
There are important cost implications to the use of anesthesiologist-assisted colonoscopy. In United States, the mean charge allowed by Medicare was $106 in 2003, but when the procedure is covered by commercial insurers, reimbursement increases to an average of $400. 8 By using published estimates that 14.2 million colonoscopies are performed annually in the United States, 20 the reported median Medicare costs ($106) and applying the 19% population-based rate of anesthesiologist-assisted colonoscopy that we observed, a very conservative estimate of the incremental physician-related cost of anesthesiologist-assisted colonoscopy in the United States is $286 million per year. If the reported commercial insurance rate is used ($400), our estimate would rise to just over $1 billion dollars per year.
There is a lack of consensus about the criteria, if any, that should be used to regulate the use of anesthesiologist assistance with colonoscopy. To date, American payors who do regulate this practice restrict it to either high-risk patients or to those whose procedure-related discomfort cannot be managed with conventional sedation. Our study suggests that institutional factors should also be considered if formal regulation of anesthesiologist assistance with colonoscopy is contemplated. For example, the effects on anesthesiologist retention in small hospitals may need to be weighed, whereas in nonhospital facilities, such as ambulatory endoscopy centers, an onsite anesthesiologist may confer additional benefits, such as expertise with emergency resuscitation. In summary, in a healthcare setting in which anesthesiologist-assisted colonoscopy is unregulated, we have found that this practice is increasing and that it is most strongly associated with institution type. Although anesthesiologist assistance with colonoscopy is costly, regulation of this practice may have important downstream effects. If regulation is being considered, further evaluation of patient and institution factors is warranted to ensure that anesthesiologists' services are allocated in a manner that is most beneficial to patients and to the healthcare system rather than simply being left to the discretion of the payor.
